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[57] ABSTRACT 
A high speed bus structure is described which employs 
an ordinary flat ribbon cable. ECL receivers are cou- 
pled to conductor pairs of the cable through resistors 
which change the capacitive load of the ECL receivers 
to a resistive load. The receivers are coupled to the 
cable through a plurality of connectors having spaced- 
apart pins. The pins in each connector engage less than 
all of the conductor pairs, thus a plurality of connectors 
are required to completely couple receivers to all the 
conductors in the cable. This connector arrangement 
substantially reduces the parasitic capacitance loading 
on the cable. The mvented high speed bus is able to 
effectively function at 100 MHz with 80 feet of cable 
and with 16 receivers coupled to each conductor pair. 

11 Claims, 6 Drawing Figures 
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circuits which substantially improve this aspect of over- 
HIGH SPEED RIBBON CABLE BUS all bus performance. 

This application is a continuation, of application Ser. SUMMARY OF THE INVENTION 

No. 137,309, filed Apr. 4, 1980 abandoned. 5 A bus structure which employs a ribbon cable for 

oAinw-^TiAiTXTTN i-^r? T-ijrT, TVTT7»5XTrrT-n,T.T interconnectuig a plurality (n) of electrical units or 

BACKGROUND OF THE INVENTION stations is disclosed. A plurality of driver circuits, one 

1. Pleld of the Invention for each of the units, is used for transmitting signals 
The invention relates to the field of high speed buses, from its respective unit to a pair of conductors within 

particularly those using fiat ribbon cable. 10 the cable. At least n-1 receivers are associated with each 

2. Prior Art of the units in order that each unit is able to sense the 
There is an ever increasing need in the electronics signals transmitted by all of the other units (broadcast 

industry for long, high speed buses, particularly for transmission mode). Connector means, one for each of 

communicating digital information. Current technology units, are used for coupling the receivers to the pairs 

provides numerous such buses. However, in many in- 15 of conductors within the ribbon cable. Each of the 

stances, these buses employ relatively expensive cables, connector means includes at least a first and a second 

such as co-axial cables and expensive bus driving cir- electrical connector for engaging the cable. Each of the 

cuitry and receiving circuitry. connectors has a plurality of spaced-apart pins which 

Flat ribbon cables are often used for buses. These receive the signals from the cable. The pins in the first 

cables are relatively inexpensive, moreover, there are ^0 oonnector are arranged to receive signals from pairs of 

numerous cable accessories, such as connectors which conductors which are separat^ by other pairs of 

are readUy available. However, the bandwidth of these conductors. The pins m the second comiector are ar- 

cables, particularly as they become longer, is limited. '^^^ ^^^^ signals from the other pau^ of con- 

As will be described, the present invention employs „ ^J^f ?|1 capacitance coupling asso- 
ribbon cables in a high speed bus. Through use of a ^ ^^^^^^ with couphng to the cable is substantially re- 
combination of unique geometries, isolation and cir- duced Providing an increased bandwidth 
cuitry, a greatly increas^ bandwidth is obtained. By . If presently preferred embodiment the bus drives 
wuiuy, tt gicauy m^i^^as^ umiuin^iii^ viuwu«^. jlpjt delude a pre-cmphasis network for emphasizmg prede- 
way of example^ a bandwidth of 100 MHz ^ obtamable ^^^^^ Lquencies from the transmitters, nfe trans- 
wiUi cable lengths up to 80 feet and with 16 receivmg 3^ ^^^^ ^^^^^^ ^ ^^^^ ^^^^^ permitting trans- 
stations on the bus. , . ^ V mission without the assumption that all the signals are 

The high speed bus of the present mvention may be . .-^ j^^^,. ^^^-^^^^ y emitter-coupled logic 

used m comitiess apphcations For example, the bus (^CL) circuits which are comiected to the cable 

may interconnect computere housed m separate cabi- ^^^^^y^ ^^^^^ resistors. These receivers are mounted in 

nets, intercabmet connections or mtracabmet connec- 35 ^^^^^ proximity (on a printed circuit board) to the con- 

tions may be made between a memory and a central sectors engaging the cable. A bandwidth of 100 MHz 

processmg umt, as weU as to a host of other equipment ^^^^ realized with this arrangement with ribbon 

The present invention resulted from a development ^^^^ lengths up to 80 feet and with 16 units coupled to 

program for improving a bus structure in a computer- cable, 

ized private branch exchange (PBX). Specifically, the 40 

bus was designed for both intershelf connections and BRIEF DESCRIPTION OF THE DRAWINGS 
intercabinet connections. For this reason, and also to piQ, 1 a block diagram illustrating the manner in 
provide more insight into the invented bus, a specific which the electrical units (such as PBXs) are coupled to 
prior art bus structure shall be discussed, along with the the ribbon cable in a broadcast mode, 
improved bus structure in a PBX environment. It will 45 piG. 2 is a circuit diagram which illustrates the inter- 
be apparent to one skilled in the art that the invented connection between a receiver and conductors of the 
bus may nonetheless be used in a plurality of other ribbon cable. 

applications. FIG. 3 is a plan view of a connector which illustrates 

In one prior art PBX, time division multiplexed sig- the coupling between a connector engaging the ribbon 

nals are transferred along a multi-conductor bus in par- 50 cable and receivers mounted on a printed circuit board, 

allel during each time slot. For this structure, it is as- piG. 4 is a perspective view illustrating the layout for 

sumed that the data is "in phase" along the entire bus. connectors on the cable, corresponding mating connec- 

That is, a data bit originating at any station is expected tors on a printed circuit board, receivers and series 
to be propagated to any receiving station within each of resistors. 

the time slots. This restricts the maximum bit rate of the 55 FIG. 5 is a circuit diagram of one embodiment of the 

system to a function of the total cable length. As will be driver circuit used to drive the conductors in the cable, 

seen in the present invention, to eliminate this particular FIG. 6 is an alternate embodiment of the driver cir- 

problem, the data is transmitted serially (burst mode cuit of FIG. 5. 

transmission). Each time slot then may be shorter than t-^ot a tt t-r-. i^T50i-.T>Tiyr¥i^xT -rzrn 

the propagation time along the cable. To prevent bus 60 tSvp^tom 

arbitration problems, each station or unit is allocated its INVENTION 

own "private" transmitting line. A bus structure is described which employs an ordi- 

In the prior art structure, receiving circuits were nary ribbon cable. In the following description numer- 

separated from the bus (ribbon cable) by relatively long ous specific details, particularly those relating to the use 

traces on circuit boards. Also, the connector arrange- 65 of the bus structure in a computerized PBX, are set 

ment added to the total effective parallel admittance as forth. However, it will be appairent to one skilled in the 

seen from the bus, further degrading performance. The art that the invention may be practiced without these 

present invention provides unique configurations and specific details and in applications other than for PBXs. 
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In other instances, well-known circuits have been Cc can be reduced .to 0.2 pF. The capacitance associ- 
shown in block diagram form in order not to obscure ated with the traces 29 and 30 (Cb) is approximately O.S 
the present invention in unnecessary detail, pF. C/j, the capacitance associated with the resistors 32 

Referring first to FIG. the manner in which a plu- is approximately 0.4 pF. 
rality of electrical units, such as computerized PBXs (or 5 Assume first that ^e series resistors 32 are not em- 
other electrical units, such as central processing units, ployed. (This is the typical prior art structure.) In this 
memories, etc.,) are coupled to the flat ribbon cable 10 case, Cr is eliminated, however, there is an increased 
in a broadcast mode is illustrated. Three units, units A, trace capacitance, making Cb equal to approximately 
B, and C are connected to the various conductors in the 0.6 pF. Without the resistors, the total parasitic capaci- 
ribbon cable. 10 tance loading on the conductors is approximately 5.8 pF 

Bach imit includes a driver, such as driver 20, which or a reactive component of approximately 300 ohms at 
drives a single pair of conductors in the cable. For ex- 100 MHz. This produces intolerable reflections into the 
ample, driver A drives leads lla and lib, driver B leads 160 ohm cable at these frequencies. 
12a and I2b and driver C leads 13a and 136. Each of the In the presently preferred embodiment, the resistors 
units includes a plurality of receivers for sensing the IS 32 are each 330 ohms. The use of these resistors does 
signals impressed on the cable by the drivers of the increase the effective input impedance of the receiver 
various units. (As presently implemented, all the receiv- and to some extent, it slows the response time of the 
ers are identical.) For example, referring to imit 6, re- receivers. However, this resistance has the advantage of 
ceiver IB is connected to the leads lla and lib, receiver changing the impedance of the receiver, as seen from 
2B to the leads 12a and 12b and receiver nB to the leads 20 the cable, from highly capacitive to mostly resistive. 
13a and 136. Each pair of leads is separated by a lead This greatly decreases the distortion of pulses (for digi- 
which is coupled to a constant potential or to ground. tal transmission) received by receiver 21 and improves 
These are shown as leads 15, 16, 17 and 18 in FIG. 1. system rise time. The increased cable propagation ob- 
The isolation provided by these leads can also be ob- tained through use of these resistors greatly outweighs 
tainedby providing a space between each pair of active 25 the slight degradation of receiver performance. The 
leads, however, this is not so easily realized where a value of the resistors 32 is not particularly critical; the 
standard cable is used. selected values of 330 ohms for the present embodiment 

In the presently preferred embodiment, in order to was obtained by simply weighing the improved cable 
provide symmetry of operation, each unit includes a performance against the loss of receiver (input) perfor- 
receiver which "listens" to the driver of that unit. By 30 mance. An optimized value may be readily selected by 
way of example, the receiver nC is coupled to leads 13a examining the various capacitances and resistances as 
and 136, and thus receives signals from the driver C. In described in conjunction with FIQ. 2. 
some applications, it may be feasible to eliminate re- The capacitances Cc and Cb for the prior art bus 
ceiver nC, and like receivers, with an internal connec- structure are not of great significance (when compared 
tion within the unit. 35 to C/); however, these capacitances assume a major role 

With the arrangement of FIG. 1, each of the units has because of the series resistors 32. For this reason, much 
its own "private" transmission line and each unit has a greater care must be taken to reduce these capacitances 
receiver coupled to each of the active lines in the cable. as shall be described. 

This eliminates all bus arbitration problems, since all the In a typical ribbon cable connector, the female part of 
units can asynchronously transmit, thereby fully utiliz- 40 the connector includes a plurality of pressure contacts 
ing the capacity of the cable. 24 as shown in FIG. 2. Typically, these contacts are 

In the presently preferred embodiment, the ribbon pressure fit onto the cable and include cylindrical open- 
cable is a flat (co-planar) cable with 50 conductors. This ings 25 which receive pins 26 from the male part of the 
permits 16 units to be interconnected by active conduc- connector. To reduce the capacitance coupling (Cc) 
tor pairs with the described isolation between each pair. 45 some of the contact assemblies 23 are removed from the 

Referring to FIG. 2, in the presently preferred em- male and female parts of the connectors, 
bodiment, each of the receivers 21 is a commercially Referring to the connector 35 shown in plan view in 
available emitter-coupled logic (ECL) circuit. The FIG. 3 only every third contact assembly remains 
input to these circuits are coupled to the conductor within the connector 35. The larger circles m FIG. 3 
pairs of the cable (such as conductors 12a and 126) 50 denote the remaining pins 23, which are separated from 
through series resistors 32. The pin assemblies 23 are one another by two apertures 37. In practice, the 
shown press fit to the conductors and engaging circuit contact assemblies are simply removed from both the 
board traces 29. One end of these traces engage the male and female parts of the connectors, leaving the 
female pin members 26, while the other end of these apertures 37. Thus, to make contact to each of the con- 
traces are connected to one end of the resistors 32. The 55 ductors in a cable (for the described embodiment) three 
traces 30 interconnect the other ends of the resistors to connectors are required instead of the usual single con- 
the input terminals of the circuit 21. nector. 

The advantages gained from use of the series resistors For the above described 3 M connector, leaving only 
32 and the spacing technique used for the pin assemblies every third pin assembly increases the spacing between 
of the connectors (described below) can best be illus- 60 the contact members in the connectors from approxi- 
trated by way of example. Typically, the input resis- mately 0.1 inches to approximately 0.3 inches. The same 
tance R/ for an ECL circuit is approximately 6k ohms. result, of course, can be achieved by fabricating connec- 
The input capacitance C/is approximately 5 pF. At 100 tors having a wider pin spacing, however, it has been 
MHz, C/ obviously dominates. In the presently pre- found much more economical to use currently available 
ferred embodiment, wide pin spacing (as will be de- 65 commercial connectors and to remove the desired pins, 
scribed below) is provided in the connectors by remov- Referring to FIG. 4, the male part 35a of connectors 
ing pin assemblies from a standard flat cable connector, is shown coupled to the cable while the female part 356 
such as the 3 M Part No. 3307-000. With this removal, is moimted on a printed circuit board 42. For the de- 
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scribed embodiment, the two outer comiectors are used In some applications, it is desirable to have more than a 
for coupling the conductor pairs to the receivers while single transmitter or driver on each of the conductor 
the center connector is used for grounding the conduc- pairs. This requires those drivers not in use to be turned- 
tors which separate each of the conductor pairs. off. At first it may appear that by simply disconnecting 

As shown best in FIG. 3, one contact from one side of 5 the constant current source associated with transistor 

each outer connector of FIO. 4 and another contact the driver circuit will be effectively disconnected 

from the other side of the connector (such as contacts from the conductor pair. However, the reverse bias, 

45 and 46) are coupled to a receiver mounted along one collector-to-base capacitance of transistors 54 and 55 

side of the connector. The next pair of contacts provide and the parasitic capacitance associated with the driver 

coupling to a receiver mounted on the other side of the 10 circuit layout will continue to load the line, 

connector. (In FIG. 3, only those receivers mounted on in FIG. 6, a driver ckcuit is shown which substan- 

one side of tiie connector are shown, however, the leads decouples itself from the line when not transmit- 

39 provide the coupling to the receivers mounted on the ting. This permits a plurality of drivers to be coupled to 

other side of the connector). a single conductor pair. Again, in FIG. 6, a pair of npn 

The layout of the receivers and connectors are best 15 driver transistors 61 and 62 are driven through their 
illustrated in FIG. 4. Two ECL circuits are included on terminals via lines 72 with a differential signal. The 
each package 41. Two such packages are mounted on collectors of these transistors are coupled to the con- 
each side of the outer comiectors. The resistors 32 are doctor pair through diodes 63 and 64. These conductors 
mounted between the male part SSb of the connectors ^^d of the cable) are connected to a positive 
and the packages 41. As illustrated, the ECL circuits 20 potential V2 through resistors 75, 76, and 77 which act 
and resistors are mounted in close proximity on the ^ ^^^^^ transistors. The emitters of the transis- 
printed circuit board 42 to the connector part 356 and are again coupled to a constant current 
are interconnected through the traces 29 and 30 shown ^ constant current source is provided 

^ \. through transistor 69 which has its base biased at a 

With this comiector arrangement, each connector 25 ^^^^ ^^^^^ ^.^^^^ ^ The 

engages conductors, which are separated by other con- ^^^^ ^^^^^^ pre^mphasis through the resistor 
ductors to which no contact is made. For the illustrated ^3 ^^^^^^^ ^ ^^^^ ^ conjmiction with 
embodiment, for the two outer connectors, a conductor j 

pair «»d grounded <^^'f^^l^;^^Z^2,.VJ^' ,n When the driver circuit of FIG. 6 is not in operation, 
tacted conductor pair In the case of the center connec- 30 ^ ^ ^ .^^ 

. P«edtoitsbas.Wh«.thisocc«s ^eco.^^ 
ui wuiiuuviwio to the dnver transistors 61 and 62 is removed. This 

°Tiie substantial reduction in the parasitic capacitance draws the cathodes of diodes 63 and 64 to a positive 
Cc obtained with this connector i«ngemeni and the 35 POtentud V, through resBtor 68 (and r«Bstor 73 m the 
reduction of Cj,obtained by mounting the ECL circuits ''^'e of diode O) reverse bmsing the diodes. Note V, 
and resistors to close proximity the comiectors, be larger than Va to assure reverse biasmg of the 

makes possible the advantageous use of the resistors 32 *ode^ Then the conductor pair is isolated from tr^isis- 
fFIG 2 tors 61 and 62 by the capacitance associated with these 

° InFIG.'5,anembodimentforadrivercircuit,suchas 40 reverse biased dfdt^Thus, the driver circm^is sub- 
the drivers 20 of FIG. 1, is illustrated. Two receivers 21 stantially decoupled from the cable when not transmit- 
are shown coupled to a conductor pair of the ribbon tog. Note that durmg transmi^^^ 
cable 10. These conductors (at the end of the cable) are ^ reverse biased so that the switahmg tmie of these 
coupled to a positive potential through the resistors 48, diodes are not cntical. . , - u 

49 and 50 wSch act as loads. The conductor pair is 45 J^^> a bus structure has been disclosed which per- 
driven in a push-puU mode through the npn driver tran- mits the use of an ordmary t^TT^f ' r i m^Jw t"" 
sistors 54 and 55. The bases of these transistors are cou- a high speed application. A bandwidth of 100 MHz has 
pled to an amplifier 53 which provides the differential been obtamed with approximately 80 feet of cable and 
outputs needed to drive the transistors 54 and 55. The uP to 16 receivers coupled to each active conductor pair 
amplifier 53 is driven by a pulse-generator 57 which of 50 in the cable, 
course receives the digital data or other data to be trans- I claim: 

mitted from an electrical unit such as a PBX. The tran. L A high speed bus for interconnectmg and asyn- 
sistor 60 provides a constant current source since its chronously transmitting data between a plurahty (n) of 
base is biased at a constant potential through the resis- electrical units, comprismg: 

tors 51 and 52. 55 a ribbon cable having a plurality of conductor pairs; 

Importantly! this driver circuit provides high fre- a plurality of driver circuits for transmitting signals 
quency pre-emphasis (at approximately 100 MHz for serially, each of said driver circuits coupled to one 

the described embodiment). The resistor 58 and indue- of said electrical units and coupled to a different 

tor 59 which are coupled across the conductor pair conductor pair of said cable; 

(along with the distributed parasitic capacitance and 60 a plurality of receivers coupled to each of said electri- 
distributed resistance associated with the cable) pro- cal units for receiving said signals, each of said 

vides this pre-emphasis. This pre-emphasis increases the electrical units having at least n-1 receivers, each 

high frequency performance of the cable smce it com- receiver being coupled to a different conductor 

pensates for the high frequency "roll-ofP' of the cable pair of said cable; 

and receiver circuits. 65 at least one resistor coupled in series between each of 

The circuit of FIG. 5 operates best when only a single said receivers and said conductor pairs for reduc- 

transmitter is used on each ofthe conductor pairs. Thus, ing the capacitive coupling between said cable 

this circuit may be used for the configuration of FIG. 1. between said cable and said receivers; 
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a plurality of low capacitance connector means, one 
for each of said units for providing said coupling to 
said conductor pairs for said receiversi each of said 
connector means comprising: 
at least a first and a second electrical connector for 
engaging said cable, each electrical connector 
having a plurality of spaced apart pins for receiv- 
ing signals from said cable, said pins of said first 
connector arranged to receive signals from a first 
conductor pair, said pins of said second connec- 
tor arranged to receive signals from a second 
conductor pair separated from said first conduc- 
tor pair; 

whereby the capacitive coupling of said receivers to 
said cable is reduced, and said electrical units may si- 
multaneously and asynchronously transmit and receiye 
data on said cable at high speed; 

2. The bus as defined by claim I wherein data is trans- 
mitted between 30 and 100 Mhz. 

3. The bus as defined by claim 1 wherein each of said 
driver circuits comprises: 

a transistor; 

a diode coupled between said transistor and said con- 
ductor; 

a load for said transistor coupled. to said condutor; 

current means coupled to said transistor for selec- 
tively providing current for said transistor; 

biasing means coupled to said diode, for reverse bias- 
ing said diode when said current means is not pro- 
viding said current for said transistor, 
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whereby said transistor is decoupled from said conduc- 
tor by said diode when said current means is not en- 
abled. 

4. The circuit defined by claim 1 wherein said diode 
S is coupled between the collector of said transistor and 
said conductor. 

3. The bus structure defined by claim 3 wherein each 
of said connectors mcludes a male part and a female 
part, one of said parts being coupled to said cable, the 
10 other of said parts being coupled to a board. 

6. The.bus structure defined by claims wherein each 
of said pair of conductors in said cables is separated by 
another of said conductors which is coupled to a con- 
stant potential. 
15 7. The bus structure defined by claim 6 wherein said 
constant potential is ground potential. 

8. The bus structure defined by claim 7 wherein each 
of said drivers includes a pre-emphasis means for pre- 
emphasizing predetermined frequencies. v>^ 
20 9. The bus structure defined by claim d wherein each 
of said drivers, drives said pairs of conductors in a push- 
pull mode. 

10. The circuit defined by claim 3 wherein said cur- 
rent meaiis is a constant current source coupled to the 

25 emitter of said transistor. 

11. The bus structure defined by claim 10 whei*ein a 

pair of said driver circuits are coupled to a pair of said 

conductors and wherein said transistors are driven with 

a differential signal. 
3Q 0 0 0 0 « 
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